Burst-by-Burst Adaptive Joint-Detection CDMA/H2.63 Based Video Telephony by Cherriman, P.J. et al.
344 IEEE TRANSACTIONS ON CIRCUITS AND SYSTEMS FOR VIDEO TECHNOLOGY, VOL. 12, NO. 5, MAY 2002
III. ROBUST VIDEO CODING
In this contribution, we transmitted 176 144 pixel quarter
common intermediate format (QCIF) and 128 96 pixel
sub-QCIF (SQCIF) video sequences at 10 frames/s using a
reconfigurable time division multiple access (TDMA)/CDMA
transceiver, which can be configured as a 1, 2, or 4 bits/symbol
BbB AQAM scheme, as shown in Fig. 3.
The H.263 video codec [2] extensively employs vari-
able-length compression techniques and hence achieves a high
compression ratio. However, as all entropy- and variable-length
coded bit streams, its bits are extremely sensitive to transmis-
sion errors.
This error sensitivity was counteracted in our system by in-
voking an adaptive packetization and packet-dropping regime
when the channel codec protecting the video stream became
incapable of removing all channel errors. Specifically, we re-
frained from decoding the corrupted video packets in order to
preventerrorpropagationthroughthereconstructedvideoframe
buffer [6]. Hence, these corrupted video packets were dropped
at both the transmitter and receiver, and the reconstructed frame
buffer was not updated until the next video packet replenishing
the specific video frame area was received. This required a low-
delay, strongly protected, video-packet acknowledgment flag,
whichwassuperimposedonthetransmittedpayloadpackets[6].
The associated video performance degradation was found per-
ceptually unobjectionable for packet dropping- or transmission
frame error rates (FERs) below about 5%, although this issue
will be detailed in more depth during our further discourse. Due
tolackofspace,someoftheimplementationdetailsareomitted,
but can be found in [6].
Oursystemoperatesusingaprogramable-rateH.263decoder,
where the packet disassembly block in Fig. 3 discards all the
corrupted video packets. A 16-bit cyclic redundancy checking
(CRC) is added to every video packet for detecting corrupted
packets. In addition to the CRC, each video packet has a header,
containing information which allows the packet disassembly
block of Fig. 3 to appropriately the combine macroblock infor-
mation, which has been mapped to and transmitted in several
consecutivepackets.Thevideoencoderreceivesfeedbackinfor-
mation from the decoder, informing it of the success or failure
of the previous packet. In case of corruption, the packet disas-
sembly block effectively conceals the packet loss by replacing
theaffectedareaofthepicturewiththecorrespondingareafrom
the previous video frame.
In addition to rendering the video information more robust,
the packet assembly and disassembly block is flexible enough
to assemblelarger videopackets, whenhigher ordermodulation
modes are used in case of a high instantaneous channel quality.
The bit-rate control mechanism of the video encoder is closely
linked to the packet assembly block in order to compensate for
the rapid changes in the AQAM mode and packet size.
IV. SWITCHED MULTIMODE TRANSCEIVER
Initially, we investigated the performance of a statically
switched multi-mode convolutionally coded JD CDMA video
systemsupportingtwousers.Duetousingorthogonalspreading
codesandJD,thesystemonlyrequiredabout1-dBhigherSINR
Fig. 3. Reconfigurable transceiver schematic.
for attaining a given BER, in comparison to a two-user scenario
when supporting, e.g., eight users, although these results are
not included here due to lack of space. Hence, the system was
capable of maintaining a near-single-user performance as long
as the number of subscribers was less than that in the so-called
fully loaded scenario, where the number of users serviced is
identical to the number of chips in the spreading sequence. The
associated convolutional codec parameters are summarized in
Table II, along with the operational-mode specific transceiver
parameters of the proposed statically switched multi-mode
system. Explicitly, this initial system uses a switched multi-
mode transceiver, which changes modes much less frequently,
on a call-by-call basis rather than near-instantaneously, as does
the BbB AQAM trasceiver described in Section V.
Below, we now detail the video-packetization method
employed. The reader is reminded that the number of QAM
symbols per TDMA frame was 68 according to Table I. In
the 4QAM/JD-CDMA mode, this would give 136 bits per
TDMA frame. However, if we transmitted one video packet
per TDMA frame, then the packetization overhead would
absorb a large percentage of the available bitrate. Hence,
we assembled larger video packets, thereby reducing the
packetization overhead, and arranged for transmitting the
contents of a video packet (including its header) over three
consecutive TDMA frames, as indicated in Table I. Therefore,
each protected video packet consists of QAM
symbols, yielding a transmission bit rate of between 14.7 and
58.9 kbits/s for BPSK/JD-CDMA and 16QAM/JD-CDMA,
respectively. However, in order to protect the video data,
we employed half-rate, constraint-length, nine convolutional
coding, using octal generator polynomials of 561 and 753. The
useful video bitrate was further reduced due to the 16-bit CRC
used for error detection and due to the nine-bit repetition-coded
video packet error flag transmitted over the reverse link. This
results in video packet sizes of 77, 179, and 383 bits for each
of the three AQAM modes. The useful video bit rate was
finally further reduced by the -bit video packet header,
resulting in useful or effective video bitrates ranging from 5 to
26.9 kbits/ in the BPSK/JD-CDMA and 16QAM/JD-CDMA
modes, respectively.
The proposed multi-mode system can switch amongst the
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TABLE II
OPERATIONAL-MODE SPECIFIC TRANSCEIVER PARAMETERS FOR THE
PROPOSED MULTIMODE SYSTEM
based upon the prevailing channel conditions on a call-by-call
basis. As seen in Table II, when the channel is benign, the ef-
fective video bit rate will be approximately 26.9 kbits/ps in the
16QAM/JD-CDMA mode. However, as the channel quality de-
grades, the modem will switch to the BPSK mode of operation,
where the video bit rate drops to 5 kbits/ and for maintaining a
reasonable video quality, the video resolution has to be reduced
to SQCIF (128 96 pels).
Fig. 4 portrays the packet loss ratio (PLR) for the multi-mode
system,ineachofitsQAMmodesforarangeofchannelSNR’s.
ItcanbeseeninthefigurethataboveachannelSNRof14dBthe
16QAM/JD-CDMA mode offers an acceptable packet loss ratio
of less than 5%, while providing an effective video rate of about
26.9 kbits/. If the channel SNR drops below 14 dB, the multi-
mode system is switched to 4QAM/JD-CDMA and eventually
to BPSK/JD-CDMA, when the channel SNR is below 9 dB,
in an effort to maintain the required quality of service, which
is dictated by the packet loss ratio. The video packet acknowl-
edgment flag is highly protected for ensuring the correct oper-
ation of our robust video transceiver. We have found that when
repeating the feedback message nine times and using majority
logic decisions (MLD), the flag does not become corrupted, un-
less the PLR increases to about 50%. It is, therefore, assumed
that both the switched multimode system and the BbB AQAM
system (to be described in Section V) would have switched to
the most robust modulation mode before such a situation may
occur.
The video quality is commonly measured in terms of the
PSNR. Fig. 5 shows the video quality in terms of the PSNR
versus the channel SNR for each of the modulation modes.
Fig. 4. Video PLR versus channel SNR for the three modulation schemes of
the multi-mode system, compared to the BbB adaptive modem. Both systems
substain 2-users using JD over the channel model of Fig. 2.
Fig. 5. Average decoded video quality (PSNR) versus channel SNR
comparision of the fixed modulation modes of BPSK, 4QAM, and 16QAM,
and the BbB adaptive modem. Both supporting 2-users with the aid of JD.
These results were recorded for the Miss-America video sequence at SQCIF
resolution (128￿96 pels) over the channel model of Fig. 2.
The graph also shows the performance of our BbB AQAM
JD CDMA modem, which will be discussed further in Sec-
tion V. As expected, the higher effective throughput bit rate of
the 16QAM/JD-CDMA mode provides a better video quality.
However, as the channel quality degrades, the video quality of
the 16QAM/JD-CDMA mode is reduced due to the channel
impairments, and hence it becomes beneficial to switch from
the 16QAM/JD-CDMA mode to 4QAM/JD-CDMA at an SNR
of about 14 dB, as it was also suggested by the packet loss ratio
performance of Fig. 4. Although the video quality expressed in
terms of PSNR is superior for the 16QAM/JD-CDMA mode in
comparison to the 4QAM/JD-CDMA mode at channel SNRs
in excess of 12 dB, due to the excessive PLR, the perceived
video quality appears inferior in comparison to that of the
4QAM/JD-CDMA mode, even though the 16QAM/JD-CDMA
PSNR is higher for channel SNRs in the range of 12–14 dB.
More specifically, we found that it was beneficial to switch to
a more robust CDMA mode, when the PSNR was reduced by